Sedentary persons have lower total energy expenditure compared to physically active persons.
Introduction
Sedentary persons have lower total energy expenditure compared to physically active persons.
Bed rest represents an extreme case of sedentariness, or inactivity, and is often required for people with injuries or diseases.
Gretebeck et al. 1995 found a mean total energy expenditure decrease of 21 during 10 days of bed rest mainly due to reduced physical activity. When the total energy expenditure and physical activity related energy expenditure are limited to the minimum, maintenance of basal energy expenditure BEE is likely to be important.
Compared to the well characterized effects of bed rest on decreased total energy expenditure, the effects on BEE have not been extensively addressed. Usui et al. 2005 revealed that the variation of BEE 72.6 is explained by the variation of fat free mass. Bed rest is known to decrease fat free mass, especially in lower extremities Akima et al., 2003 Ferrando et al., 1996 , and might cause a decrease in BEE. Resistance exercise training may 2010;76 3 :120 129 Original Article
Effects of 20 days of bed rest and concomitant resistance training on basal energy expenditure and body composition The purpose of this study was to investigate the effects of prolonged bed rest and concomitant resistance training on basal energy expenditure BEE and body composition.
Nine young male subjects underwent 20 days of bed rest. Five participants practiced isometric resistance training during the bed rest period BR TR , and four participants underwent bed rest alone BR . The Douglas bag method was used to measure BEE on days 0, 1, 4, 10, and 20.
BEE decreased by 8.8 until day 10 and 15.9 until day 20 for the BR group, while it remained in the initial level 1.2 for the BR TR group up to day 10, but decreased by 8.4 until day 20, respectively. Fat free mass decreased during the bed rest period by 2.5 for the BR group and 1.7
for the BR TR groups.
The percent decrease in BEE adjusted by body weight after 20 days of bed rest for the BR group was considered equivalent to average decreases of 10 or more years of aging. Minimal resistance training was effective against deleterious effects of bed rest on BEE in the short term, but was insufficient in the long term.
prove to be an important countermeasure to prevent the decreases of fat free mass and BEE during bed rest.
Resistance exercise training provides a means to maintain and increase muscle mass. The purpose of the study was to examine the effects of minimal static exercise on BEE and body composition during prolonged bed rest.
Study methods 1 Participants
Participants were recruited from the student population of a university and a college in Tokyo.
Nine healthy young Japanese male volunteers participated in the study and were divided into two groups. Five participants were assigned to a group that performed static exercise during bed rest BR TR group and the remaining four participants were kept on strict bed rest without any exercise BR group . Stratified allocation was conducted to ensure that the average BMI between groups were similar. Participants' characteristics are provided in Table 1 .
None of the participants were physically active during their school days. They underwent a medical checkup, which included a physical examination and blood chemistry test, before the bed rest period and did not have any physical and psychological problems. All participants provided a written informed consent prior to participation. This study was approved by the Ethics Committee of the University of Tokyo, Graduate School of Medicine.
Experimental protocol
Participants remained in a 6 degrees head down tilt position at all times throughout a 20 day period of bed rest, except during resistance exercise for the BR TR group. The 6 degree head down tilt position is considered as a weightlessness situation. Participants were not permitted to adopt any weight bearing posture, including sitting up in bed, during the period however, they were allowed to use one pillow to support themselves and use one elbow while eating or reading. They were allowed to leave the bed only to attend to per- 
Basal energy expenditure measurement
BEE was determined from expiratory gas analysis using the Douglas bag method of indirect calorimetry Douglas, 1911 . Expiratory gas was collected over a 10 minute period between 6 30 7 30 after participants had awakened. Participants were kept awake during expiratory gas collection. BEE measurements were made on days 0, 1, 4, 10, and 20 to determine the acute and prolonged effects of bed rest. Participants were required to fast from 18 00 on the day prior to the measurement until the measurement was complete.
The volume of the expiratory gas was measured using a gas meter, and gas fractions of O 2 and CO 2 were determined using a mass spectrometer WSMR 1400, Westron, Chiba, Japan . The spectrometer was calibrated each morning before measurements by using a gas standard 16.02 O 2 , 4.99 CO 2 , and N 2 . Values were corrected for temperature, barometric pressure, and humidity.
Oxygen consumption and carbon dioxide production were used to calculate BEE according to the Weir formula Weir, 1949 .
Body composition measurement
Fat free mass, fat mass, and percent body fat were measured before and after the bed rest period using a dual energy X ray absorptiometry system DEXA, Lunar DPX L, USA . Body weight was measured in the standing position between BEE measurement and breakfast during the bed rest period. For measurements of body weight, participants were required to wear underwear or swimming suits, fast for one night, and void the bladder and bowels. Bee was adjusted for fat free mass or body weight.
Resistance training
The BR TR group participated in 180 seconds of isometric static strength exercise for both legs in the supine position. A leg extension training machine was used VR 4100, Cybex Co., USA and the angle of the knee joint was fixed at 90 degrees.
Every morning after breakfast, they performed 30 contractions of a 3 second isometric maximum leg press of both legs with a 3 second rest between
contractions. This minimal static exercise training was selected since it would be available to perform for many people in busy clinical settings.
Diet
Diet consisted of a rotating 4 day menu 2237 2457 kcal day . Participants were required to consume only foods provided by the metabolic kitchen during the study. They were not forced to consume all of the prescribed food if they had gastrointestinal disturbances or food preferences. The total daily energy intake and the amount of protein, carbohydrate, and lipids for each participant were calculated after subtracting the leftovers from the food provided. All the calculations were done by registered nutritionists. Given that the diet was provided in a 4 day menu rotation, average intake for each four day period was used in data analysis. Table 2 shows fat free mass, fat mass, percent body fat and body weight for each group before and after the bed rest period. All of the values were not significantly different between two groups before the bed rest.
Statistical analysis

Results
Body composition and weight
Fat free mass decreased in both groups, and the amount of decrease was larger in the BR group compared to the BR TR group. Fat mass and percent body fat increased in both groups and the amounts of increase were about 4 times larger in the BR group compared to the BR TR group.
However, these changes were not significant between the groups.
Repeated measures two way ANOVA did not reveal a significant change in body weight during the bed rest period. Furthermore, no effect was observed by group and no interaction was observed between group and time Table 3 .
BEE
BEE before the bed rest was 1441.5 132.7 kcal day for the BR group and 1573 148.9 kcal day for the BR TR group effect of time, but no effect of group, and no interaction between group and time Table 3 .
There was a strong positive correlation between changes in BEE and fat free mass N 9, 0.82, p 0.01 and between changes in BEE and body weight N 9, 0.72, p 0.03 .
Dietary energy intake
Energy intake decreased gradually during bed rest in both groups 11.4 for the BR group and 11.3 for the BR TR group . There were no significant differences in changes of energy intake between the two groups.
Discussion
BEE decreased by 15.9 after 20 days of bed rest BR group . BEE dropped dramatically by day 4 for the BR group, which is consistent with previous findings that the most marked decreases in oxygen uptake occur during the first three days of 2010;76 3 Jpn J Health & Human Ecology Values are the average of energy intake during the 1st menu rotation first 4 days .
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Values are the average of energy intake during the 5th menu rotation last 4 days . Further study to monitor the changes in BEE continuously during more than 20 day of bed rest will be warranted.
The study results suggest that minimal isometric training is protective against short term decreases in BEE 10 days during bed rest.
While minimal isometric training was ineffective in preventing BEE decreases in the long term 20 days , it reduced the extent of BEE decrease to almost half. Therefore, the minimal isometric exer- Only a few studies have met sufficient criteria for the reliable assessment of BEE Greenleaf, 1989 . These criteria were met in the present study, given that all participants were tested upon awakening, post absorptive for at least 12 hours, and experiments were performed under controlled environmental conditions. Furthermore, physical movements were strictly minimized.
Bed rest is the extreme form of sedentariness or inactivity, which is designed to limit physical energy expenditure to the minimum. The most notable limitation of this study is the small sample size. This may explain the insignificant differences between two groups and experimental days. To generalize the study findings, a larger sample is needed.
In summary, decreases in BEE adjusted for body weight after 20 days of bed rest was equivalent to average decreases of 10 or more years of aging. An isometric resistance exercise program prevented decreases in BEE during the first 10 days of bed rest. However, the isometric resistance exercise did not prevent decreases in fat free mass for 20 days of bed rest.
